Tea is an important beverage crop in India and worldwide. The tea germplasm in India includes three different types of tea cultivars, namely, China type, Assam type and Cambod type. Present study was conducted to evaluate the degree and organization of genetic diversity in cultivated Indian tea. The technique used was based on random amplified polymorphic DNA-PCR (RAPD-PCR) markers analysis. 34 ten decamer primers were used generating 359 reproducible bands and among these, 321 (89.42%) bands were polymorphic. The genetic diversity among cultivars as calculated from Nei's index averaged 0.28 varying from 0.07 to 0.50. Calculation of Shannon index of diversity revealed an average of 0.44 varying from 0.28 to 0.56, indicating that Camellia sinensis (L.) Kuntze maintains a relatively high degree of genetic diversity at the cultivar level. Analysis of genetic dissimilarity showed that genetic differentiation occurred among studied cultivars, which supports the possibility of current ex-situ conservation strategies. Dendrograms were generated using UPGMA method revealing three distinct clusters of Cambod, Assam and China type, which is in agreement with the known taxonomical classification of tea. A study of correspondence analysis of the data also revealed a clear picture of polymorphism detected among the said cultivars. These results suggest that the RAPD-PCR method is a rapid and effective means to evaluate the genetic diversity among a large number of tea cultivars and help devise sampling strategies to compliment classical morpho-agronomic descriptors and conservation of Indian tea cultivars.
INTRODUCTION
Tea [(Camellia sinensis (L.) Kuntze], an important beverage crop, contributes significantly to the economy of many Asian countries including India (Kaundan & Park 2002) . Generally it is categorized into two main varieties: var. sinensis which originated from mainland China recognized by its small leaf, slower growing bush withstanding colder climates (Wight 1962; Banerjee 1992 ) and var. assamica discovered in the nineteenth century in the Assam region in India and later in other parts of south east Asia (Kaundan & Park 2002) which can be easily identified by its large leaf, tall and quick growing characters which is well suited to very warm tropical climates (Wight 1962; Banerjee 1992) . Besides these two basic varieties, there exists Camellia assamica var. lasiocalyx (G. Watt) A.P. Das & C. Ghosh (Das & Ghosh 2016 ) with its intermediate leaf size that is generally referred as cambod variety. The assamica variety contains large amount of tannin and catechin and is particularly used for preparing black tea, whereas sinensis tea accounts for most of the green tea production (Kaundan & Matsumoto 2003) . Tea being an out crossing crop, a large variation in several important and desirable characters occurs from bush to bush in the existing tea populations (Ghosh 2001) . Selection and breeding for the production of desirable traits in this perennial crop have resulted in severe erosion of its genetic base over the time. Lack of proper conservation programmes have caused major reduction in its gene pool, as most of the breeding and conservation programs are still based on conventional morphological and agronomical descriptors, which are dependent on environmental and developmental factors thus reflecting the base of the gene pool (Green 1971; Wilkremaratne 1981) with no true genetic relatedness. In order to stop further reduction in its gene pool and to breed for new tea types with more productiveness; less prone to natural calamities, diseases, as well as new flavors, a thorough knowledge of the existing genetic diversity is a pre-requisite.
Recently, a large number of DNA markers are in use as tools for large scale genetic studies providing the best estimate of genetic diversity and are not influenced by the environmental factors. Various classes of the molecular markers are available but those based on PCR are considered to meet many applications in genetic studies . Although techniques like RFLP and AFLP have been applied successfully and have provided considerable genetic information in a number of plant species Vos et al. 1995; Xu et al. 2000) , these techniques are comparatively slow and expensive requiring the nucleotide information and are not amenable for assessment of genetic studies. More recently PCR based RAPD and SSR markers have been developed (Williams et al. 1990; De Bustos et al. 1998) . SSR markers require prior information of target DNA sequences and sophisticated electrophoretic systems with computer software for accurate band separation and scoring (Smulders et al. 1997; Sun et al. 1998) . RAPD techniques overcome these limitations; a number of polymorphic markers can be obtained with ease from small amount of genomic DNA without the knowledge of target sequences. There is only one drawback of this technique i.e., lack of reproducibility that may arise if the experimental conditions applied are not standardized properly (Prenner et al. 1993) . In spite of this fact, RAPD methodology provides informative data consistent with other markers, especially at the intraspecific level (Dos Santos et al. 1994; Lerceteau et al. 1997 ). Moreover it is cost effective for large scale population genetic analysis. In preliminary studies, the importance of molecular markers for the characterization of tea genetic resources and estimation of genetic diversity were reported by various workers (Wachira et al. 1995; Paul et al. 1997; Kaundan & Park 2002) . Bera and Saikia (1999) have screened five varieties of tea from north east region using sixteen RAPD markers but the work mainly covered only the molecular characterization and genetic diversity. Therefore, present study is a further attempt to rationalize tea cultivars by employing RAPD methodology to determine the level and distribution of genetic diversity in twenty six tea populations using 34 ten mer primers.
MATERIAL AND METHODS

Plant Material
Twenty six different varieties of tea were collected from different regions of North Bengal (Table 1 ) and maintained as germplasm in the tea garden of Noth Bengal University, West Bengal.
DNA extraction
Total genomic DNA was extracted by CTAB method (Dellaporta et al. 1983 ) with slight modifications. Tender leaves two and a bud shoots were taken weighing approx. five grams in a mortar and pestle and ground into a fine powder with the help of liquid nitrogen. The pulverized material was taken in an Oakridge tube containing 15 ml of pre-warmed (65º C) CTAB extraction buffer. The tube was then vortexed for 5 seconds and incubated in a water bath for 1 hr at 65º C. Following the 1 hr incubation an equal volume of chloroform/isoamyl alcohol (24:1) was added and the mixture was gently mixed by inverting the tube upside down. The extract was centrifuged for 10 minutes at about 10,000 rpm (room temperature) and the supernatant was carefully transferred to a fresh tube. The chloroform/Isoamyl alcohol step was repeated twice and 0.6 volume of ice cold isopropanol was added to the final supernatant. Upon gentle swirling the DNA CTAB complex precipitated as a whitish network and was spooled out of the solution using a bent Pasteur pipette. It was then washed thrice in a solution of 70% and 10mM ammonium acetate, dried and dissolved in 1ml of 1X TE buffer (pH 7.4). The dissolved DNA was extracted with an equal volume of equilibrated phenol (pH 8.0) and then with chloroform/ isoamyl alcohol (24:1). To the upper aqueous phase 0.1 volume of 7.5 M ammonium acetate and 2 volume of absolute alcohol was added and precipitated at 4ºC for 30 minutes in a cooling centrifuge at 12000 rpm. The pellet obtained was washed with 70% alcohol, dried with vacuum pump and dissolved in 500µl of 1X TE buffer (pH 7.4). Purification of DNA Fifty µg/ml of RNase A was added to the genomic DNA of tea dissolved in 500µl of 1X TE buffer (pH 7.4) and it was incubated at 37ºC for 1 hr in dry water bath. It was then purified with chloroform/isoamyl alcohol (24:1) and again precipitated with 2 volumes of absolute alcohol and 0.1 volume of 3M sodium acetate (pH 5.2). The DNA pellet was finally dissolved in 500µl of 1XTE (pH 7.4) buffer. DNA concentration was estimated by 0.8% agarose gel stained with ethidium bromide.
RAPD analysis
A total of 34 random 10 mer primers ( PCR reactions were carried out in a 25µl reaction mix containing approx 25ng template DNA, 200µM of each dATP, dCTP, dGTP, dTTP (Sigma), 0.5µM of a single 10 base primer, 1 unit of Taq DNA polymerase (Sigma). The 1X PCR buffer (100mM Tris HCl, pH 8.3, 500mM KCl, 15mM MgCl 2 and 0.01% gelatin) used was the one provided by the manufacturer of the Table 2 . Genetic polymorphism of tea cultivars detected by RAPD markers enzyme. The PCR reactions were run in a thermal cycler (Applied Biosystems). The amplification cycle consisted of an initial denaturation at 92º C, followed by 40 cycles of 1 min. denaturation at 92º C, 1 min. annealing at 37º C and 2 min. extension at 72º C, with a final extension at 72º C. The PCR products were separated on 1.5% (W/V) agarose gel run in 1X TBE buffer and stained with ethidium bromide. The gels were visualized with a UV Transilluminator and photographed with GDS. A DNA ladder (lambda DNA HindIII digest) was used as a molecular size marker. All PCR reactions were run at least thrice and only reproducible and clear bands were scored.
Data analysis
Each polymorphic band was regarded as a binary character and was scored as 1 (presence) or 0 (absence) for each sample and assembled in a data matrix. A similarity matrix on the basis of band sharing was calculated from the binary data using Dice coefficient (Nei & Li, 1979) . Similarities were graphically expressed using the group average agglomerative clustering to generate dendrograms. The analysis was done using the software package NTSYS-pc (version 2.0) (Rohlf 1998) The POPGENE freeware (Yeh et al. 1997 ) was used to partition genetic diversity among the twenty six cultivars. The same software was used to calculate Nei's genetic index, genetic distances, and Shannon's information index among the tea cultivars and to draw a dendrogram based on Nei's (Nei 1972 ) genetic distances using the UPGMA.
Correspondence analysis was performed to graphically summarize associations among the 26 varieties. Analysis was done through a batch file following the software package NTSYS-pc.
RESULTS
Thirty-four oligonucleotide primers were used to determine genetic divergence among 26 varieties of tea. A total of 359 major scorable fragments ranging from 500 -3000 bp was generated from 31 primers as the other 3 primers could not amplify any of the samples. Out of the 359 scorable bands 321 were polymorphic. Each primer was tried thrice and the results were reproducible. The number of polymorphic bands per primer ranged from four in OPB-11 to fifteen in OPA-08, OPB-01, OPB-13 and OPB-18, with an average of 10.3 polymorphic bands per primer (Table 2 ). Figure1 shows the RAPD-PCR amplified by primer OPA-04. These clear, repeatable and polymorphic bands were scored and used in further statistical analysis The percentage of polymorphic bands ranged from 75% to 100%. OPA-10, OPB-04, OPB-05, OPB-09, OPB-12 and OPB-13 revealed 100% polymorphism while, OPA-13, OPB-07, and OPB-10 generated 75% polymorphism. An intermediate polymorphism (87.5%) was revealed by OPA-04, OPA-11 and OPB-02 (Table 2) . Diversity measures were calculated by Nei's (Nei 1972 ) index and ranged from h= 0.07 to h= 0.50 (Figure 2 ). Averaged over all markers, primer OPB-14 showed least diversity (0.1920) among the populations and primers OPB-04 revealed the highest diversity (0.3850) among the tea populations. An intermediate diversity is revealed by primers OPB-08 (0.2961) and OPB-17 (0.2823) at few loci for all the populations. The mean genetic diversity index (h) was 0.2893 (Table 3 ).
The mean value for the total diversity (Ht) among all populations was calculated to be 0.2893.The mean level of genetic differentiation (Gst) among populations over all loci was 1.00 (Table 3 ). This indicates that 100% polymorphism is observed among populations.
Genetic distances calculated from the Nei's original measure of genetic distance (Nei, 1972) averaged 0.28 and varied from 0.16, lowest between cultivars TV17 and TV22 and 0.52, highest between the cultivars BS71A76 and TV23 (Table 4) .
A dendrogram constructed on the basis of Nei's genetic distances and the UPGMA method (Figure 3) showed three main clusters: Cluster I, cluster II. and cluster III. The clusters revealed the level of relatedness between the 26 cultivars studied (Table 1) . Measure of similarity ranged from a minimum 46% between TV17, TV22 and P312 to a maximum 100% between TV28 and TV23. Cluster I consist of thirteen cultivars which is the largest cluster comprising of Assam type which are divided into two main groups: The first group comprises of seven cultivars TV29, BS71A76, TV17, TV22, TV20, HV39, TSS449 and Figure 2. The figure shows genetic diversity among tea cultivars estimated by Nei's (1972) diversity measure for 359 RAPD markers. Table 4 . Genetic distances between twenty six cultivars of tea following Nei (1972) within this group there are two subgroups. In the first subgroup two completely different cultivars TV-29 (Assam) and BS71A76 (China) revealed height similarity of 100% which does not match with the existing knowledge on the systematic of tea (C. sinensis) .The reason for their clustering is not presently known but possible explanation may be that traditionally tea is classified on the basis of morphological features which are subjected to substantial environmental changes coupled with extensive hybridization. The other two cultivars TV17 and TV22, although one Assam and other Cambod respectively, also revealed 100% similarity. This may be due to the reason that traditionally cambod is a subgroup of Assam type or as it is sometimes referred to as a subspecies of assamica (var. lasiocalyx) (Wight 1962) . The other three cultivars, TV20 (Cambod), HV39 (China) and TSS449 (Seed stock) formed subgroups of their own. Second group comprises of six cultivars: Kopati-1/1 (Assam type), P1258 (China type), TV30 (Assam type), TV27 (Cambod), B777 (China type), TV1 The same clusters were obtained in the dendrogram when the data was analyzed using NTSYSpc ( Figure 4 ) and a 2D and 3D plot of correspondence analysis of the data was also in agreement with the dendrogram clustering (Figures 5 & 6) it also revealed three main clusters, Cluster I on the right of the plane includes Assam and Cambod varieties namely TV20, TV22, TV29, TV30, TV1, TV27, at a correlation coefficient of 0.18, TV17 clustered very near to TV22 and TV20 which was also seen in the Dendrograms generated by UPGMA method. Cluster II in the middle includes Cambod varieties TV18 and CPI between a correlation coefficient of 0.27 and 0.18 with exceptions of RR 17/144, B777, T78. Cluster IIIA on left corner consists of all Cambod varieties namely TV19, TV26, TV28 and Based on RAPD profile of each primer, measures of Shannon index of diversity were from 0.28 to 0.56, with average of 0.44 (Figure7). This result shows that a relatively high level of polymorphism was determined by these random primers in the cultivars of tea.
DISCUSSION
The study of all twenty six cultivars within the Camellia sinensis using 34 decamer primers revealed their clear identification. This study demonstrates that RAPD offers a suitable means for the detection of genetic variability and molecular study of tea genotypes. Although the studies have been done on few varieties of tea found in India by various workers using RAPD technique but a complete study of twenty six varieties using 34 random deca-mer primers have been done for the first time in the present study revealing as high as 89.42% of polymorphism. Moreover, in this study molecular techniques like RAPD have been tagged with the statistical analysis using newly developed software's like POPGENE and NT-SYS which helped in characterization and identification of plant germplasm in a more improved way.
Selection of polymorphic alleles was carried out in a very careful manner and only clear and repeatable polymorphic bands were selected for the present study. 31 out of 34 primers could amplify all the samples and gave clear and repeatable banding patterns giving 321 polymorphic bands out of total of 359 bands. The percentage of polymorphism averaged at 89.42% when all the primers were considered together, whereas few primers also showed a 100% polymorphism among the varieties owing to their self incompatibility which makes them highly heterogeneous and consequently shows broad genetic variation among themselves.
Dendrograms constructed using both the software's POPGENE as well as NTSYSpc revealed the same result (Figs. 3&4) and is in complete agreement with the previous reports of tea taxonomy. Three main clusters have been formed and within these three clusters three types of tea can be easily differentiated Assam type, Cambod type and China type. The degree of polymorphism revealed in the present study was found to be 100% for some primers.
Correspondence analysis also revealed a clear picture of genetic variability as revealed by dendrograms constructed on the basis of both the software's. The Assam varieties clustered on right of the plane and the China types clustered on left and few Cambod cultivars clustered in the middle of the plane thus confirming their ancestral differences.
The mean genetic diversity and mean genetic distance among all the populations was 0.2893 and the genetic distance varied between 0.16 and 0.52.
However, because the sample size and total amount of bands could influence the percentage of polymorphic bands value, other parameters that based on the frequency of polymorphic bands, such as Shannon's index of diversity and Simpson's index of diversity, are more suitable in estimating genetic variability (Cruzan 1998) . The average of Shannon's index of diversity in the cultivars as studied is 0.44 (Table 3) indicating a relatively high degree of diversity among the tea population. The result is in agreement with the high percentage of polymorphism as detected by Nei's genetic diversity index.
Therefore, it can be concluded from the present study that RAPD can be considered as a quick and effective means to establish the genetic relationships between the varieties without any prior knowledge of genomes or the use of polyacrylamide gels and radioactivity for resolution. Different cultivars can be conserved on the basis of their molecular differences under the light of the statistical analysis using newly developed softwares like POPGENE and NTSYSpc. The six primers OPA-10, OPB-04, OPB-05, OPB-9, OPB-12 and OPB-13 revealing 100% polymorphism may prove to be the most efficient markers obtained from this study along with OPA-04, OPA-11 and OPB-02 primers revealing as high as 87.5% polymorphism. These markers may provide a cheap, rapid and effective means to evaluate the genetic diversity among a large number of tea varieties and help devise sampling strategies to compliment classical morpho-agronomic descriptors and conservation of Indian tea cultivars.
